B
ody awareness is an overall concept of body consciousness, body management and body experience. 1 The phenomenon, concerns the experience of coherence between body and emotions, the ability to sense and being confidential with habitual reactions of the body as well as attitudes toward it. Body awareness seems to be a prerequisite for self-experience. 2 The phenomenon as addressed in physical therapy deals with the patient's ability to sense muscle tension and body movements, reflecting emotions and attitudes toward own body. Such ability seems to be a prerequisite for readjusting posture and muscle tension in treatment. [2] [3] [4] The phenomenon of body awareness is accordingly a core aspect addressed in body-mind treatment approaches like Norwegian Psychomotor Physiotherapy (NPMP) [2] [3] [4] and Basic Body Awareness Therapy (BBAT) 5, 6 as well as in other treatment modalities used by physical therapists working in the field of musculoskeletal and mental problems.
To properly assess and evaluate body awareness in patients with long-lasting musculoskeletal pain, physical therapists need a reliable and valid measurement tool that is feasible for clinical use. The questionnaires retrieved from search in the literature assessed only related constructs like body image and attitude toward own body, [7] [8] [9] [10] and no appropriate tool was found available to assess body awareness in the context of physical therapy. Therefore a new self-reported questionnaire was developed, the Body Awareness Rating Questionnaire (BARQ). 11, 12 The BARQ was aimed to capture body awareness among patients with long-lasting musculoskeletal pain. Items considered to reflect body awareness were collected among NPMP therapists and from descriptions among patients receiving or being on a waiting list for NPMP treatment. Exploratory factor analysis was used to examine the underlying factor structure of 66 items. Four factors were identified, subscales were named Function, Mood, Feelings, and Awareness, and the 6 items with the highest loadings were included in each scale. 11 As the 4 subscales were only slightly correlated, a sum score of the phenomenon could not be derived. Test-retest reliability was, however, found satisfactory for all subscales and construct validity and discriminate ability was acceptable for the subscales Function, Feelings, and Awareness, but responsiveness to change was only acceptable for Function and Awareness. 12 As the overall measurement properties of BARQ were not satisfactory and the subscales could not be summarized into a total score, we decided to examine the possibility of developing a unidimensional scale by using Rasch analysis. 13 This analysis is increasingly being applied in the development of measurement tools to assess the unidimensionality (the extent to which items measure a single construct, eg, body awareness), item difficulty (the relative difficulty of the items when compared with one another) and person separation (the extent to which items distinguish between distinct levels of the construct, here body awareness). A unidimensional scale would support the assumption that 1 construct is assessed, being a prerequisite for summing all items into a valid total score. If the data fit the model, the raw ordinal level of scores can be transformed into interval level scores. In Rasch analysis items are tested against the expectations of the Rasch measurement model 14 and justifies the use of parametric statistics. Such a scale would provide a greater accuracy in scores of importance (ie, when comparing scores between groups). 15 The purpose of this study was therefore to explore the possibility of developing a unidimensional and improved version of BARQ by using Rasch analysis. If a revised and improved version of BARQ was developed, a secondary purpose was to investigate its test-retest reliability.
Methods
The present study was carried out in 3 main steps (Fig. 1) . Items originally generated for BARQ development (Tab. 1), and scored by people with musculoskeletal pain 11 were included in an initial Rasch analysis (survey 1). Items found to fit the Rasch model were included in a second Rasch analysis (survey 2), performed on data from a new sample of people with long-lasting musculoskeletal pain. The final version of the questionnaire was then assessed for test-retest reliability (survey 3). The different steps of test development are elaborated on below. Informed consent was obtained from all participants.
Participants
A convenience sampling strategy was applied (Tab. 2). The participants were people who had musculoskeletal and/ or psychosomatic complaints who consulted their primary physician for their complaints. After examination the physician referred them to NPMP treatment. Taking the inclusion and exclusion criteria into consideration, 6 NPMP specialists recruited participants consecutively to the study. Five specialists worked in primary health care, and 1 worked in an outpatient hospital clinic. The inclusion criteria were long-lasting (>3 months) musculoskeletal pain and/ or psychosomatic disorders and reading skills in Norwegian. Exclusion criteria were psychiatric disorders like severe depression and anxiety. Data was collected for survey 1 in 2008, for survey 2 in 2013, and for survey 3 in 2016.
Item Generation
The items included in the first Rasch analysis had been collected during an extensive process with focus group interviews including NPMP physical therapists (2 groups) and people with long-lasting musculoskeletal pain (4 groups). The generated items were supplemented and commented on in written by NPMP physical therapists from different parts of Norway. All collected items were then field tested on a sample of 30 people with long-lasting musculoskeletal pain. The total item pool finally included 66 items, all refined into statements to be rated on a 7-point response scale, ranging from 1 (totally agree) to 7 (totally disagree). Twenty-four of these items, 6 in each of 4 subscales, were included in the initial BARQ (further elaborated in Dragesund et al 11 ).
First Survey
The 66 items (same as above) were scored on 7-point response scales by a sample of 300 people with long-lasting musculoskeletal pain. Rasch analyses supported by the first Rasch analysis, as well as a few items that were considered important from the original pool of 66 items.
Third Survey
Test-retest reliability was based on data from a new sample of 48 people with long-lasting musculoskeletal pain. These participants completed the revised version of the BARQ from step 2, twice within 1 week.
Data Analysis
The demographic and item scores were entered into SPSS (versions 17 and 21; SPSS, Chicago, Illinois) and RUMM2020 and RUMM2030 software packages (RUMM Laboratory; www. rummlab.com).
The Rasch model assumes that the probability of a person affirming a trait, like in this case body awareness, in an item of a measure depends on the person's level of that trait (q) and the level of body awareness required by the item (b). In a model in which there are several response categories, the model is expressed in a formula. 16 ln (Pni/1-Pni) = qnbi-ti. Pni is the probability that a person n will affirm the item, qn is the person's level of the trait, bi is the level of the trait expressed by the item, and ti represents the .5 probability point (threshold) between adjacent response levels for that item. In this case it is assumed that as a person's body awareness increases, the probability of a maximum score on the item decreases. Person and item scores are used to "calibrate" items on a logit scale. Items at one end of the scale are "easier," whereas items at the other end are "more difficult." In the present analyses, items with a positive calibration were more difficult (ie, indicated less body awareness). A logit is the natural log-odds of the level of difficulty of a particular item in relation to all other items in the scale (hierarchy). Rasch analysis also constructs a hierarchy of the respondents; the hierarchy was ordered by the respondents' level of disability. Unidimensionality refers to the single underlying construct measured by items that form a scale; for this instrument body awareness. The adequacy of the fit of each item to the Rasch model is assessed by the overall
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Steps in the study, including item generation and 3 surveys. NPMP = Norwegian Psychomotor Physiotherapy.
were performed to explore the possibility for obtaining a unidimensional scale.
Second Survey
A second survey was performed to examine whether the results from the first Rasch analysis could be confirmed in a new sample of people (n = 127). For the sake of content coverage, we included all items supported by the first Rasch analysis, plus items from the original 4 subscales of BARQ that were not The overall fit of data to the model was examined with item-trait interaction statistics. A nonsignificant chi-square probability value, Bonferroni adjusted, indicates the hierarchical ordering of the items to be consistent across all levels of the trait, body awareness. The fit of individual items and persons was examined by inspecting their fit residuals, the difference between their observed and expected logit values. If the residuals were beyond the standardized ±2.5 (99% CI) or if an item showed a significant chi-square probability value, misfit was considered. The mean of all fit residual across all items of the scale and across all person estimates should be closed to 0 with a SD close to 1 (preferably < 1.40).
The local response independency was considered to be dependent if the residual correlation was greater than .2 above the average of all residual correlations. 19 Unidimensionality. The concept of unidimensionality is a primary tenet underpinning the Rasch analysis. If the scores on the revised version of the BARQ are to be added into a total score representing an overall level of body awareness, the analysis should indicate a unidimensional scale, measuring 1 construct. The unidimensionality was tested by contrasting items loading positively and negatively on the first principle component of the residuals, through series of independent t tests. 20 The present of significant multidimensionality was noted if more than 5% of these t tests were significant or if the lower CI of the observed proportion was below 0.05. 21 Response threshold ordering. In Rasch analysis the response options for each item should reflect a logical 
Targeting of Persons and Items
In clinical practice it is important that the items are appropriately targeted for the population for whom the questionnaire is developed. Poorly targeted questionnaires result in floor and ceiling effects. Scale-to-sample targeting was made by comparing person locations from the sample with locations of the scale, requiring means close to 0 and an SD close to 1. 15 This might also be visualized by a person-item threshold distribution histogram, which informs about the suitability of the sample for evaluating the scale and the suitability of the scale for measuring the sample.
Test-Retest Reliability
The COnsensus-based Standards for the selection of health status Measurement InstrumeNts (COSMIN) guidelines were followed. 23 The intraclass correlation coefficient [ICC(2.1)] was used to examine test-retest reliability. 24 An ICC of .80 or more was considered evidence of satisfactory test-retest reliability. Repeatability was assessed by calculating the standard error of measurement between scores at test and retest, being the square root of the mean square error (total in the analysis-of-variance table). The 95% CI for repeatability was further calculated by multiplying the standard error of measurement by 2.77. 25 This value is often referred to as the minimal detectable change, being the smallest change that must be observed between 2 measurements before it can be considered to exceed measurement error with 95% certainty.
Role of the Funding Source
The Norwegian Fund for Postgraduate Training in Physiotherapy provided financial support of the study. The funding source had no role in the study.
Results

Characteristics of Participants
Characteristics of the participants taking part in the 3 surveys are presented in Table 2 . The first survey included 300 participants, mostly women (n = 231). The mean age was 42.4 years. Most participants (86%) were treated for long-lasting musculoskeletal and psychosomatic disorders, with an average duration of pain of 8.2 years. The remaining participants (14%), being healthy without musculoskeletal pain problems. In the second survey there were 125 participants, also mostly women (n = 91). The mean age was 42.1 years. They all had long-lasting musculoskeletal pain, with average duration of pain of 8.9 years. The third survey included 48 (93.8% women), all with long-lasting musculoskeletal pain. The mean age was 46.9 years, and their mean duration of pain was 11.4 years.
Survey 1: First Rasch Analysis of Initial Item Pool
All 66 items were scored on a 7-point scale by 300 people in the first survey (Tab. 1). The missing data on the initial 66 items ranged from 0.3% to 11%. For Rasch analysis of polytomous scales there are 2 models to be used: the unrestricted model or the rating scale model. The unrestricted model places no constraints on the threshold parameters, whereas the rating scale model constrains all thresholds to be equally spaced across the trait of the items. Results on the likelihood ratio test decide which model to choose. The likelihood ratio test was significant (P < .0000001), suggesting that the unrestricted model should be adopted. The overall statistics indicated that the 66 items did not reflect a unidimensional measure (P = .00076). The analysis showed misfit of both persons and items outside the fit residual range of ±2.5. This might have been due to the fact that all the 66 items had disordered thresholds. All items had to be rescored to a 3-point response scale in order to avoid disordered thresholds (scores of 1 and 2 = 0, scores of 3 to 5 = 1, and scores of 6 and 7 = 2). Only 4 of the items (40, 42, 43, and 57) had disordered thresholds after the rescoring, suggesting that the 3-point scale worked much better than the 7-point scale. The overall statistics were still highly significant (P = .000). Fifty-two participants had extreme scores outside the ±2. of this version, a DIF for age group was found for items 8 and 56, and a DIF for duration of pain was found for items 15, 36, and 66. There was no DIF for sex.
Survey 2: Second Rasch Analysis
The second survey included 39 items that were scored on a 4-point response scale, from 0 (totally agree) to 3 (totally disagree); 26 items resulting from the first Rasch analysis, 11 items from the original BARQ subscales that were excluded in the first Rasch analysis, and 2 items from the original items pool that seemed clinically important. A 4-point response scale was chosen in order to improve the reliability of the scale.
The missing data on these 39 items were low and ranged from 0.3% to 3.1%. The unrestricted model was initially adopted (P < .0000001) on all 127 people. The overall statistics were significant (P = .036), indicating that the initial 39 items did not reflect a unidimensional measure. The residual mean value for persons (−0.03; SD = 1.51), indicated some misfit among respondents in the sample, and individual item fit, adjusted for Bonferroni, also indicated misfit of items 40 and 62. Two participants were excluded from the analysis because they had not reported sex or age categories. 
Survey 3: Test-Retest Reliability
The mean scores on test and retest were 20.6 (SD = 5.5) and 20.2 (SD = 5.4), respectively. The mean difference between test and retest for the 12-item scale (sum score ranging from 0 to 36) was 0.44 (SD = 3.2), and the ICC was .83 (95% CI = .71-.89). The standard error of measurement was 2.26, and the smallest detectable change with 95% CI was 6.26, or 17.4% of the total score of 36. This implies that a change in individual participants should be above this value to indicate a change above measurement error.
Discussion
In the present study, we succeeded in developing a unidimensional assessment tool of body awareness based on previously collected test items for BARQ by using Rasch analysis. The BARQ-R includes 12 self-reported items scored on a 4-point ordinal scale (0-3), reflecting degrees of body awareness even though the items included in this solution is slightly different from the 4-factor solution (original BARQ). The scale also seems to express different levels of problems with body awareness as seen in the clinic, from the most common problems (feeling tense and be affected by mood) to the most challenging (feeling that the body is unpredictable and not liking to be touched). The results from the study indicate that the BARQ-R is a valid and reliable assessment tool that can be used to capture body awareness as reported by people with musculoskeletal pain. For comparison the original BARQ included 24 items in 4 subscales (6 items in each subscale) that could not be combined into a sum score. The BARQ-R is briefer and more user-friendly, taking only 3 to 5 minutes to complete. We therefore recommend applying the BARQ-R for further research and clinical use.
The BARQ-R includes a variety of items concerning different aspects of body awareness, like awareness of muscle tension, breath, movements, and the experience of coherence between body and emotions. 2 Many physical therapists specialized in a body-mind approach of physical therapy (NPMP) contributed to the generation of items, as well as a large target group of people with musculoskeletal and/or psychosomatic problems. Physical therapists and patients might perceive the phenomenon of body awareness differently, and commonly clinical measurements are based on clinician's opinion only and therefore lack content validity from the perspective of patients. Thus, a major strength of the BARQ-R as well as of the original BARQ is content validity with items derived from both the physical therapists' and the patients' perspectives. This is in line with quality criteria recommended by the COSMIN group, underscoring the need to include both patients and therapists when constructing a questionnaire. 26 The demographic characteristics of the sample were accordingly quite similar to those of patients on waiting-lists for NPMP described by Breitve et al. 27 In the present study Rasch analysis was used to develop a unidimensional measure, which is considered an essential quality when summing up individual items to obtain a valid total score. 13, 14 The Rasch model enables analysis of targeting of items' difficulty to persons' ability by calibrating items and persons on a common scale with interval level units (logits). As such, a primary strength of Rasch analysis is that ordinal scores may be converted into interval level scores. Furthermore the method makes it possible to analyze whether items exhibit a consistent and invariant hierarchy of difficulty, 13, 14 and if response options for each item reflect a logical progression of the underlying trait. 15 The first Rasch analyses clearly showed that the original 7-point response scale did not function for any of the 66 items. Threshold disordering was avoided by collapsing them into a 3-point response scale. This aspect of scoring alternatives of the response scale was not examined in the original BARQ, which was developed based on classical test theory. A scale with disordered threshold will be problematic when used to evaluate effect of an intervention, because it will be difficult to evaluate a change in categories. 28 Since it was obvious that the participants were not able to distinguish between 7 levels of body awareness (7-point response scale), we used a 3-point scale in the first Rasch analysis by collapsing scoring alternatives, and found it to be appropriate. However, as we considered a 4-point response scale to be more informative and sensitive to differences in the trait than a 3-point scale, we tried out a 4-point scale when new data were collected in the second Rasch analysis, showing satisfactory results. This is in line with Streiner and Norman, 22 who stated that an increase in the number of response options on a rating scale will increase the information value of any observation and improve the reliability, although the agreement will decrease. The 4-point response scale in the second Rasch analysis was shown to improve the reliability of the scale as compared to the results of the first Rasch analysis with a 3-point response scale. Nine of 26 items from the first Rasch analysis (based on 66 items) were confirmed in the second Rasch analysis (based on 39 items), and 7 items of the final 12-item scale (BARQ-R), represented all 4 subscales of the original BARQ (2 from the subscale Function, 2 from the subscale Mood, 1 from the subscale Feelings, and 2 from the subscale Awareness) (Tabs. 1 and 5). The items are also ranked hierarchically according to difficulties of the phenomenon of body awareness across age groups, sexes and duration of pain. The evidence of test-retest reliability was also confirmed, giving an ICC of greater than .80. The smallest detectable change, however, was high, being 6.26, or 17.4% of the total score. Still, the BARQ-R has undergone an extensive improvement in measurement properties.
Limitations of the current study concern the sample size in the second survey. Linacre 29 has, when using Rasch analysis, proposed a sample size of 250 in order to achieve appropriate degree of precision. The first Rasch analysis included a group of 300 target people, in line with these recommendations. In the second Rasch analysis, however, the sample size was only 125, below the recommended number.
To conclude, the present study provides support for a satisfactory internal construct validity and reliability of the 12-item BARQ-R. Thus, the BARQ-R can be recommended used by physical therapists focusing on body awareness among people with long-lasting musculoskeletal pain. Further research to assess other aspects of validity and responsiveness should be carried out.
Author Contributions and
